Cryoballoon-based pulmonary vein isolation Left atrial volume Galectin-3 Left atrial remodelling a b s t r a c t Background: Cryoballoon-based pulmonary vein isolation (PVI) is a treatment option for atrial fibrillation (AF). Left atrial volume (LAV) and left atrial volume index (LAVi) are important parameters for long term success of PVI. Galectin-3 (Gal-3) and neutrophil to lymphocyte ratio (N/L ratio) are biomarkers to demonstrate the cardiac fibrosis and remodelling. Methods: 50 patients with symptomatic PAF despite !1 antiarrhythmic drug(s), who underwent PVI were enrolled. LAV, LAVi, Gal-3 and N/L ratio were calculated before ablation and after ablation at 6 and 12 months. According to AF recurrence patients were divided into two groups, recurrent AF (n ¼ 14) and non-recurrent AF (n ¼ 36). Results: In both groups (recurrent and non-recurrent), initial and 12 months follow-up LAV values were 41.39 ± 18.13 ml and 53.24 ± 22.11 ml vs 48.85 ± 12.89 ml and 42.08 ± 13.85 (p ¼ 0.037). LAVi were 20.9 ± 8.91 ml/m2 and 26.85 ± 11.28 ml/m2 vs 25.36 ± 6.21 and 21.87 ± 6.66 (p ¼ 0.05) for recurrent and non-recurrent AF groups, respectively. In both groups PVI had no significant effect on serum Gal-3 levels and N/L ratio during 12 months follow-up. The comparison between two groups at the end of 12th month showed Gal-3 values of 6.66 ± 4.09 ng/ml and 6.02 ± 2.95 ng/ml (p ¼ 0.516), N/L ratio values of 2.28 ± 1.07 10 3 /ml and 1.98 ± 0.66 10 3 /ml (p ¼ 0.674).
Introduction
Catheter ablation which has been widely adopted in cardiology clinics is an effective treatment modality for atrial fibrillation (AF). Some studies revealed the success rate of catheter ablation was 70e80% at six month after the procedure. Even though the results were favourable, the recurrence rate of AF was up to 30e50% at the end of 12th month [1, 2] . Recently, besides clinical parameters such as persistent form of AF, diabetes mellitus, heart failure; left atrial structural changes and inflammatory markers were used in many studies to predict the AF recurrence after ablation.
Structural remodelling secondary to fibrosis is important for AF [3e5] . This intersitisyel fibrosis separates the cardiac muscle fibers and causes AF by the mechanism of reentry and focal triggers [3] . Galectin-3 (Gal-3) is an alpha-galactose-binding lectin and Gal-3 is in epithelial, fibroblastic, dendritic and inflammatory cells. The concentration of Gal-3 increases in fibrosis which develops due to tissue inflammation and this is an accurate indicator of fibrosis. Fibrosis of atrial tissue causes recurrence and permanence of AF by triggering structural remodelling. Several studies has shown the elevated levels of Gal-3 in the patients with AF [6, 7] . Neutrophil to lymphocyte ratio (N/L ratio) is another bioindicator of inflammation. N/L ratio increases in AF, left atrial (LA) thrombus, ischemic heart disease and stroke [8] . The studies conducted in the recent years have shown that development and recurrence of AF is correlated with N/L ratio [9] .
This study has investigated the changes in left atrial volume (LAV), left atrial volume index (LAVi), Gal-3 and N/L ratio during 12-month follow-up period after cryoballoon pulmonary vein isolation (PVI) in the patients with PAF and analyzed the relationship between these changes and recurrence of AF.
Methods

Study population
The study has included 50 patients who had symptomatic PAF despite use of at least one antiarrhythmic drug and consequently underwent pulmonary vein isolation (PVI). An electrocardiogram (ECG) with AF, 24-h holter ECG or event recorder which were documented in the recent three months were used for detection of paroxysmal AF. PAF is described as spontaneous improvement of AF episode within the first 48 h or correction with cardioversion within the first 7 days. Prior to procedure, the patients were performed transthoracic echocardiography (TTE) and transesophageal echcardiography (TEE), complete blood count, fasting blood glucose, kidney function tests, liver function tests, lipid profile and thyroid function tests. Venous blood samples for measurement of Gal-3 levels were obtained from all the patients prior to PVI. Baseline demographic and clinical characteristics, including age, sex, body surface area (BSA), history of smoking cigarette, use of alcohol ( 1 drinks/day for women and 2 drinks/day for men), history of stroke/TIA and symptomatic severity of the patients according to the European Heart Rhythm Association (EHRA) scoring, CHA 2 DS 2 -VASc scores and all medication regimes were recorded. The patients aged below 18 years old and with history of acute coronary syndrome, mild or severe cardiac valvular disease, left ventricular ejection fraction <50%, size of LA >50 mm, advanced renal failure (cockcroft GFR < 30 ml/min/1.73 m 2 ), advanced liver failure (ALT and AST levels higher than 3-folds of normal levels), malignancy, active infection, collagen tissue disease, pregnancy and chronic obstructive pulmonary disease with medication history of b-sympathomimetic drugs were excluded from the study.
Informed consents were obtained from the patients. The study was conducted in compliance with the principles outlined in the Declaration of Helsinki and approved by the Institutional Ethics Committee.
The evaluation of the left atrium
All patients were performed TTE before and at the 6th and 12th months after PVI. Prior to the procedure, TEE was performed to eliminate left atrial thrombus and left atrial appendage thrombus. TTE examinations were performed using Vivid S5 ® cardiovascular ultrasound system (3 S 1.5e3.6 MHz probe Transthoracic GE Medical System, Buckinghamshire, UK) while TEE examinations were performed using Vivid S5 ® cardiovascular ultrasound system (6 T-RS, 5.0 MHz probe TEE GE Medical System, Norway). LAV was calculated using the prolate ellipse method by the measurements obtained from the standard views in accordance with the recommendations of the American Society of Echocardiography. LAV was calculated using the formula LAV¼ (D1xD2xD3) x 0.523 while D1: anteroposterior diameter in parasternal long-axis, D2: superoinferior diameter measured from apical 4-chamber view, D3:mediolateral diameter measured from apical 4-chamber view. LAVi was calculated by dividing left atrial volume to the body surface area.
The calculation of serum Gal-3 count ve N/L ratio
Venous blood samples of all the patients were collected for testing serum Gal-3 before and at the 6th and 12th months after PVI. The samples were centrifuged and stored at À80 C until time of analysis. At time of analysis, samples reached to room temperature and measured by applying ELISA (Enzyme Linked Immunosorbent Assay) using DSX Four-Plate Automated ELISA Processing System (DynexTecnologies, Virginia, USA) microELISA device. Elabscience Human Gal-3 Elisa Kit was used. Complete blood samples of all the patients included in the study were obtained before and at the 6th and 12th months after PVI. The samples were stored in the Greiner Bio-One 4.5 ml K3E K3EDTA tubes. N/L ratio was calculated in terms of 10 3 /ml.
Ablation procedure
All the patients included in the study were sedated with midazolam before cryoablation procedure. Invasive arterial blood pressure, oxygen saturation and electrocardiogram were monitored along the whole procedure. Right femoral vein, left femoral vein and artery were entered using Seldinger technique. Medtronic ArcticFront Advance 2AF283 balloon in diameter of 28 mm and Medtronic Flexcath Advance 4FC12 12 Fr sheath were used in the patients for PVI procedure. Medtronic Achieve 15 mm or 20 mm mapping catheter was used for mapping of the pulmonary veins. When LA was passed following transseptal puncture, administration of heparin boluses was initiated and activated clotting time was maintained between 300-350 s. When the balloon closed the gap of the pulmonary vein completely in LA, cryothermal energy was delivered. Each pulmonary vein was ablated for at least 2 cycles as each cycle was adjusted to last averagely 240 s. The ablation procedure was initiated at left upper pulmonary vein and continued by left lower, right upper and right lower pulmonary veins. During ablation, pulmonary veins and their action potentials were displayed and also disapperance patterns of the pulmonary veins were recorded. The success of the procedure was defined as completely disapperance of the pulmonary vein potentials.
Follow-up period
The first 3 months following discharge was accepted as the blanking period. The patients were called for visit at the 6th and 12th months after PVI. Event recorders (Novacor ® R.Test Evolution 4) were connected 7 days on all the patients to detect the recurrence of AF at their every visits. A symptomatic or asymptomatic occurrence of paroxysmal atrial fibrillation for 30 s or longer was accepted as the criteria of recurrence. LAV and LAVi were calculated by TTE in all the patients who underwent PVI at their visits at the 6th and 12th months, their venous blood samples were obtained for measurement of Gal-3 and N/L ratio. The patients were anticoagulated in the first 3 months and then subsequently evaluated according to CHA 2 DS 2 -VASc score. All of the antiarrhythmic medications were interrupted following ablation procedure.
Statistical analysis
IBM SPSS Statistics Version 20.0 packaged software was used for analysis of the obtained data. The categorical measurements were expressed as numbers and percentage while numerical measurements were summarized as mean and standard deviation (as median and minimum-maximum when needed). Chi-Square test was used in comparison of the categorical measurements between the groups. Kolmogorov Smirnov test was used to control whether the numerical measurements showed normal distribution. T-test was used in the comparison of the independent groups when intergroup comparison of the numerical measurements confirmed the hypothesis whereas Mann-Whitney U test was used when the hypothesis was not confirmed. The analysis of repeated measurements was used in comparison of the numerical measurements obtained during the one-year follow-up period of the patients. Statistical significance level was accepted as 0.05.
Results
Mean age of the patients in the study was found out 49.84 ± 12.45 years. The patients were composed of 56% male and 44% female patients. Hypertension, diabetes mellitus, hyperlipidemia, coronary artery disease and cerebrovascular event or transient ischemic attack were present in 52%, 10%, 28%, 20%, and 6% of the patients, respectively. Mean CHA 2 DS 2 -VASc score of the patients was calculated 1.34. The analysis regarding use of the anticoagulants/antiaggregants showed that 30% of the patients were not using any anticoagulant or antiaggregant. Of the patients; 32%, 16%, 18% and 4% were using Vitamin K-antagonist, one of NOACs, acetylsalicylic acid and clopidogrel, respectively. Totally 42% and 20% of the patients were taking ACEi/ARB and statins, respectively. Mean LAV and LAVi values of the patients were calculated respectively 46.76 ± 14.74 ml and 24.11 ± 7.26 ml/m2 by echocardiography prior to the cryoablation. Mean Gal-3 and N/L ratio values of the patients were measured 6.76 ± 3.03 ng/ml and 2.52 ± 1.3103/ml prior to cryoablation, respectively. (Table 1) .
Primary endpoint was determined according to presence of recurrence during the follow-up visits at the 6th and 12th months after PVI. Recurrence developed in 28% of the patients at the end of the 12th month. Recurrence developed in none of the patients who were using statins before PVI (p ¼ 0.045) ( Table 2) .
LAV and LAVi values before and at the 6th and 12th months after PVI were compared. Prior to ablation, LAV values of the recurrence and non-recurrence groups were 41.39 ± 18.13 ml and 48.85 ± 12.89 ml (p ¼ 0.109), respectively. The comparison between these two groups at the end of 12th month showed LAV values of 53.24 ± 22.11 ml and 42.08 ± 13.85 ml in the recurrence and nonrecurrence groups (p ¼ 0.037), respectively. LAVi values were encountered 20.9 ± 8.91 ml/m 2 and 25.36 ± 6.21 ml/m 2 in the recurrence group prior to ablation and non-recurrence groups (p ¼ 0.05), respectively. The comparison between these two groups at the end of 12th month showed LAVi values of 26.85 ± 11.28 ml/ m 2 and 21.87 ± 6.66 ml/m 2 in the recurrence and non-recurrence groups (p ¼ 0.05) (Table 3) , respectively. The comparison between the groups showed a statistically significant difference between the LAV and LAVi values at the end of 12th month. In the ROC analysis ( Fig. 1 ) LAV 12th months after PVI above 48.3 ml predicted AF recurrence with a sensitivity of 64.2% and a specifity of 80.5%. Gal-3 and N/L ratio values before and at the 6th and 12th months after PVI were evaluated. Prior to ablation, Gal-3 values of the recurrence and non-recurrence groups were 6.34 ± 4.13 and 6.92 ± 2.53 ng/ml (p ¼ 0.627), respectively. The comparison between two groups at the end of 12th month showed Gal-3 values of 6.66 ± 4.09 ng/ml and 6.02 ± 2.95 ng/ml in the recurrence and non-recurrence groups (p ¼ 0.516), respectively. N/L ratio values were 3.15 ± 1.59 10 3 /ml and 2.27 ± 1.09 10 3 /ml in the recurrence group prior to ablation and non-recurrence groups (p ¼ 0.05), respectively. The comparison between these two groups at the end of 12th month showed N/L ratio values of 2.28 ± 1.07 10 3 /ml and 1.98 ± 0.66 10 3 /ml in the recurrence and non-recurrence groups (p ¼ 0.674), respectively. The comparison between the groups showed no statistically significant difference in terms of either Gal-3 and N/L ratio values, however, Gal-3 levels showed an elevation and a reduction respectively in the recurrence group and nonrecurrence groups (Table 4 ) even though these changes were not statistically significant.
Discussion
Many parameters were analyzed to predict recurrence of AF in the long-term follow-up period after ablation procedure for AF. LAV and LAVi play important roles among the factors which affect the long-term success of the ablation procedure [10] . A successful ablation prevents LA remodelling and consequently increased levels of LAV and LAVi [11] . Costa et al. have measured LAV using computed tomography prior to ablation in their study and observed that measurement of LAV is more important than the type of AF in predicting success of PVI in a 2-year follow-up period [12] . Erdei et al. encountered that size of LA was enlarged and functionality of LA was reduced in the patients with patients with recurrent paroxysmal AF who underwent ablation [13] . Nedios et al. have conducted a study on 103 patients, they have performed ablation in the patients with paroxysmal and persistent AF and then followedup these patients for approximately 2 years. The size of LA was evaluated by either echocardiography and computed tomography. No dilatation of LA was encountered in the patients who underwent successful ablation procedure at the end of the follow-up period [14] . The size of LA and LA ejection fraction were investigated prior to catheter ablation in a meta-analysis involving 25 studies and it was found out that particularly sizes and diameters of LA showed a significant reduction after a successful ablation. The same meta-analysis showed a significant improvement in the patients with paroxysmal AF whereas no significant change was encountered in LA ejection fraction of the patients with persistent AF [15] . In our study, LAV and LAVi were determined as the most precious parameters in predicting recurrence during the 6-and 12-month follow-up periods after PVI in the patients with PAF. A statistically significant difference was found out between either LAV and LAVi values in comparison of the recurrence and nonrecurrence at the end of the 12th month (p ¼ 0.037 and p ¼ 0.05, respectively). LAV and LAVi may be a guide for success of AF ablation. Closer and long-term monitoring is recommended in patients whose LAV and LAVi increased after AF ablation. Gal-3, as another parameter investigated in the study, has been known as an indicator of particularly myocardial fibrosis since a long while. Most of the studies conducted with Gal-3 involved the cases with heart failure who applied due to complaints of impaired systolic function. It has been proposed in the recent years that Gal-3 is not only an indicator of ventricular fibrosis but also it is an indicator of atrial fibrosis, however, role of Gal-3 in atrial modelling is controversial. Ho et al. have analyzed a Framingham cohort study and followed-up 3306 subjects along 10 years. AF developed in 250 subjects. The analysis of the Gal-3 levels of the subjects regarding age and sex in whom AF developed showed statistically significant higher levels of Gal-3 in the cases with AF, however, no statistically significant relationship was found between Gal-3 values and AF in terms of the previously known traditional risk factors of AF [16] . In another study, Clementy et al. have followed-up the patients for one year period. A significant rate of AF recurrence was encountered in the patients with high levels of Gal-3 prior to ablation and large size of LA [17] . It may be noticed in many studies that high levels of Gal-3 prior to ablation were found associated with AF recurrence during follow-up. However, Kornej et al. have analyzed the change in levels of Gal-3 after ablation in their study and have found that Gal-3 levels are significantly higher prior to catheter ablation than the control group in the patients with AF, however, no significant difference was encountered between the groups with respect to Gal-3 levels tested at the 6th month. It has been concluded according to the results of this study that Gal-3 levels may be due to other comorbid circumstances but they were not associated with rhythm, therefore, Gal-3 levels can not be used in predicting control rhythm after catheter ablation [18] . In our study, no statistically significant difference between the groups in terms of Gal-3 levels tested at the 6th and 12th after ablation (p ¼ 0.516), however, Gal-3 levels showed an elevation and a reduction respectively in the recurrence group and nonrecurrence groups even though these changes were not statistically significant.
Another indicator of fibrosis in the atrial tissue is N/L ratio. N/L ratio represents the balance between neuthrophils and lymphocytes and their counts may change according to inflammation or stress response. The studies have suggested a controversial relationship between N/L ratio and development of AF or recurrence after ablation. Canpolat et al. have followed-up the patients for 19-month period in their study and found a higher ratio of N/L prior to ablation in the patients who experienced recurrence. S€ onmez et al. have tested many parameters such as Gal-3, matrix metalloproteinase-9, lipocalin-2, N-terminal propeptide type 3 procollagen, Hs-CRP and N/L ratio which indicate myocardial fibrosis in their study and in the patients with AF and all the parameters were determined significantly higher in the group with AF [19] . However, change in N/L ratio was not found significantly associated in development of AF in some studies. For example, Durukan et al. have monitored the patients who were undergone 
Table 4
Changes in the Galectin-3 and N/L ratio values of the recurrent and non-recurrent groups at the before and at the 6th and 12th months after the procedure. coronary artery bypass grafting surgery. N/L ratios of the patients who experienced AF after surgery and the patients with normal sinus rhythm were analyzed and no significant difference was found [20] . In this study, no significant difference between the groups in terms of N/L ratios at the end of 12th month (p ¼ 0.674).
Recurrent
Conclusion
LAV and LAVi may be used in monitoring atrial remodelling after PVI and predicting recurrence in the patients with PAF. The indicators of fibrosis such as Gal-3 and N/L ratio were not found significantly accurate in predicting recurrence of AF because of the limited number of the patients in the study, therefore, analyzing indicators of atrial fibrosis along longer durations of follow-up terms with a larger size of patient groups may provide significant outcomes.
Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.
Conflicts of interest
None declared.
